How the superconducting phase competes or coexists with various magnetic or chargeordering phase is a long standing fundamental issue in modern condensed matter physics.
Especially in the low dimensional systems like high T c cuprates [1] , heavy fermion superconductors [2] and iron-based superconductors [3] , superconducting order can emerge in the vicinity of multiple-order environment. More and more experimental evidences that have been collected recently point to a close relationship between superconductivity and the phase competition or phase coexistence [4, 5] . This triggers, on the other hand, great interest in various classical charge density wave (CDW) systems with coexisting superconductivity [6] .
These systems can serve as a playground for investigating the nature of CDW order, and most importantly, its relationship with superconductivity. Examples along this line include many kinds of systems like 1T-TiSe 2 [7, 8] , TbTe 3 [9, 10] , and etc. Among all these materials, ZrTe 3 is one of the prototypical quasi-one-dimensional (quasi-1D) systems undergoing both a CDW transition at ∼63 K and a superconducting transition at ∼2 K [11] . Further pressure-dependent measurements [12] [13] [14] and ion substitution study in ZrTe 3 [4, [15] [16] [17] revealed unusual connection between CDW and superconductivity, suggesting a competingtype relationship between them at low temperature. This makes ZrTe 3 a unique candidate to study the complexity behind the CDW-superconductivity entanglement in such a qusi-1D system.
To determine the detailed electronic structure and related Fermi surface and electron dynamics for better understanding the physical properties of materials in a microscopic level, ARPES is one of the most direct techniques. The semi-metallic character of ZrTe 3 and Fermi surface topology have been studied by several earlier ARPES measurements [18, 19] . Up to now, most ARPES studies on ZrTe 3 concentrate on the quasi-1D Fermi surface sheet which is believed to be most relevant for the CDW formation. A partial gap or pseudogap feature is observed around the D-point region at the Brillouin Zone (BZ) corner which was associated with strongly fluctuating CDW order that kicks in at a high temperature above 200 K [18] , even though the CDW transition temperature is at a much lower temperature 63 K. Such strong fluctuating character of CDW order is common in many low-dimensional systems.
The nearly commensurate Fermi surface nesting vector q n deduced by connecting neighbor pseudogap regions is consistent with the CDW vector q CDW =(1/14,0,1/3) determined from direct electron microscope measurements [20] , which supports a conventional Fermi surface nesting mechanism of CDW formation in ZrTe 3 [21, 22] . However, recent Raman scattering measurement suggested that electron-phonon coupling can play a dominant role for the CDW order beyond the conventional nesting picture [23] . It remains to be investigated whether the rest part of the quasi-1D Fermi surface and the 3D Fermi surface around Γ, are possibly responsible or responsive to CDW order in ZrTe 3 system. It is still an open question on how and where superconductivity emerges in the momentum space in ZrTe 3 .
In this paper, we present detailed ARPES measurements on the 3D Fermi surface and its associated electron dynamics by using a newly developed laser-based ARPES system with ultra-high instrumental resolution. We resolved clearly the double-Fermi surface sheets in the 3D hole-like Fermi surface around Γ point. The large shrinking of the 3D Fermi surface with increasing temperature is observed. In particular, the quasiparticle scattering rate along the 3D Fermi surface exhibits an anomaly near the CDW transition temperature ∼63 K, indicating the sensitivity of the 3D Fermi surface to the CDW transition. Signature of electron-phonon coupling is revealed with a dispersion kink at ∼20 meV; the electronphonon coupling strength is rather weak. These observations provide new and comprehensive information on the Fermi surface topology and electron dynamics on the 3D Fermi surface in ZrTe 3 that are important for understanding CDW formation, superconductivity and their relationship in ZrTe 3 .
The ZrTe 3 single crystals used in this work were prepared by chemical vapor transport method with iodine as the transport agent. As shown in the resistivity measurement of ZrTe 3 in Fig. 1(b) , a clear hump like resistivity anomaly pops out at about 63 K along the a-axis (blue solid-line) which is attributed to the CDW formation, while a filamentary superconducting transition occurs below 2 K. Such a CDW signature is not present in the resistivity-temperature dependence along the b-axis (red dashed line in Fig. 1(b) ). ARPES measurements were performed at our new laser-based system equipped with 6.994 eV vacuum ultraviolet laser based on non-linear optical crystal KBBF. It is equipped with the time-offlight electron energy analyser (ARToF 10K by Scienta Omicron) which has two-dimensional probing capability in momentum space, i.e.,it can detect all photoelectrons simultaneously within a detector receiving angle 30
• (±15 • ). The energy resolution is ∼1meV, and the angular resolution is ∼0.1
• . Some detailed description of the ARPES system can be found in reference [24] . Samples were cleaved in situ at 20 K and measured in ultrahigh vacuum with a base pressure better than 5×10 −11 mbar.
The crystal structure of ZrTe 3 (space group P21/m, Fig. 1(a) ) consists of infinitely 4 stacked ZrTe 3 trigonal prisms along the b-direction, forming quasi-1D prismatic chains [25, 26] . The monoclinic unit cell contains two neighboring chains related reversely with each other and binded through nearest inter-chain Zr-Te(1) bonds to form layers in the ab-plane.
The inter-layer bonding, however, relies on Van de Waals force which makes cleaving of the single crystal sample naturally along the ab-planes. Within each layer, the nearest Te(2) and Te(3) atoms bond together to form a dimerised chain along the a-axis [26] . This is widely believed to be the essential element for the electronic properties in the CDW state. Band structure calculations [27] suggest that the Fermi surface of the ZrTe 3 consists of two major components, as sketched in Fig. 2 In addition to the band splitting on the Fermi surface, it is clear that, for the hole-like band near Γ leftmost penal in Fig. 3(d) ), there is a sharp band with its top at ∼240 meV (see also EDCs in Fig. 3 (e)), and a broad distribution of spectral weight extending to a binding energy of ∼120 meV. Similar result was reported before that was suggested to be caused by the bilayer-splitting effect at the sample surface layers [19] . Our results indicate that the feature near the binding energy of ∼200 meV does not represent two well-defined bands, but one well-defined band plus an envelope of braod spectral weight distribution.
There are similar results observed in recent work of ZrTe 5 [28] . Such broad shoulder and hump-like feature that appears on top of a sharp band can be caused by k z -effect [28] . Figure 4 shows band structure of ZrTe 3 with the momentum cuts perpendicular to the 3D Fermi surface which facilitates the study of band dispersion and electron dynamics. The location of the 10 momentum cuts are marked in Fig. 4 (a) and the corresponding band structure are shown in Fig. 4(b) . Such a free choice of cut direction in momentum space only becomes possible because of the unique ARToF 3D-data property which maintains the same data continuity and measurement condition among the entire 2D area. For each image in Fig. 4(b) , the band structure is analysed by MDC fitting with two Lorentzian peaks. The obtained band dispersion of the main band is plotted on each panel of Fig. 4(b) . From these quantitative MDC fitting, the MDC width at the Fermi level along the Fermi surface, and the Fermi velocity, can be obtained, as shown in Fig. 5 . Fig. 5(a) . shows the position of ten Fermi momenta along the Fermi surface corresponding to 10 momentum cuts in Fig. 4(a) .
The EDCs along the Fermi surface on these 10 Fermi momenta are shown in Fig. 4(b) , and the corresponding MDCs at the Fermi level along the 10 momentum cuts are shown in Fig.   4(c) . The EDC width, full width at half maximum, is plotted in Fig. 5(d) This suggests an overall expansion of the 3D Fermi surface with decreasing temperature in ZrTe 3 . It is natural to ask whether this observation can be caused by the lattice shrinkage with decreasing temperature. Neutron scattering measurements [29] of ZrTe 3 demonstrate a shrinkage of the lattice constant about 0.1 % from 120 K to 20 K. Such a small change of lattice constant clearly cannot account for the ∼3% change of the 3D Fermi surface size we have observed.
In order to understand the origin of the 3D Fermi surface change with temperature, we also measured the variation of the band position for the 200 meV band near Γ at different temperatures. To be more specific, this top-most energy location can be determined by the lorentzian-fit of the EDC spectra extracted at Γ point, as plotted in Fig. 6 (c) . The fitted temperature dependence of the peak position is shown in Fig. 6 Fig. 7(d) . They all show similar behavior with a minimum located at T CDW ∼63 K. This finding suggests that such MDC width anomaly across T CDW is a general property along the whole 3D Fermi surface. To our best knowledge, it is the first spectroscopic signature to find that the 3D Fermi surface is directly associated with the CDW order in ZrTe 3 . Following the same procedure, one can also apply similar linewidth analysis of EDCs at k F from the main band which is associated with quasiparticle scattering rate. It reveals similar temperature-dependent behavior with the MDC linewidth, as shown in Fig. 7 (e). The quasiparticle scattering rate decreases from 120 K, reaches a minimum around T CDW ., and rises up again at low temperature.
The consistent finding from both MDC and EDC linewidth analyses uncovers a new scattering channel of quasiparticle in the main band in the CDW state. On the one hand, the reduction of the quasiparticle scattering rate above T CDW is consistent with the increase of the metallicity as observed in the resistance measurement ( Fig. 1 (b) ). On the other hand, its rising below T CDW is not compatible with the transport results. Except for the hump structure popping out along a-axis around T CDW , the resistance along both a-and b-axes shows a metallic behavior towards low temperature. This inconsistency between the temperature evolution of the scattering rate and the resistance clearly suggest two important issues. First, the hump anomaly and further metallicity below T CDW in transport property can be contributed by the quasi-1D Fermi surface on the BZ boundary, which plays a dominant role in the CDW formation at low temperature. This finding also agrees with earlier works [18, 19] . Second, it is quite unusual that the CDW formation impacts on the 3D Fermi surface quasi-particle properties even though it plays a minor role in generating the CDW order state in ZrTe 3 . In a classical CDW system, when some part of the Fermi surface is gapped out at low temperature, the rest part of the electronic states should be less coupled and scattered since some scattering channels have been blocked. On the contrary, here the electronic states of the main band of the 3D Fermi surface suffer extra scattering process while part of the quasi-1D Fermi surface has been gapped out. Especially if one stays with the conventional nesting picture for CDW in ZrTe 3 , it would be quite unusual to find such an involvement of the electronic states in the CDW state which is far from the nesting part 9 of the Fermi surface.
To achieve more insight on understanding such an electronic renormalization effect developed in the CDW state, self-energy analysis of the measured ARPES spectral function in semi-quantitative level has been applied on the very same data based on the single-particle
Green's function model, as shown in Fig. 8 . The measurement temperature is 30 K which is below T CDW . The E-k image (Cut1) is shown in Fig. 8(a) 
